Abstract: Adequate daily physical activity (PA) is important for maintaining functional capacity and independence in older adults. However, most older adults in Canada do not engage in enough PA to sustain fitness and functional independence. Environmental influences, such as warmer daytime temperatures, may influence PA participation; however, few studies have examined the effect of summertime temperatures on PA levels in older adults. This investigation measured the influence of summertime weather variables on PA in 48 community-dwelling older adults who were randomly recruited from a local seniors' community centre. Each participant wore an accelerometer for a single 7-consecutive-day period (between 30 May and 9 August 2006) during waking hours, and completed a PA logbook to remark on major daily PA events. Local weather variables were collected from a national weather service and compared with PA counts per minute. Regression analysis revealed a curvilinear relationship between log-transformed PA and mean daily temperature (r 2 = 0.025; p < 0.05). Linear mixed effects models that accounted for repeated measures nested within individuals were performed for monthly periods, meteorological variables, sex, age, and estimated maximal oxygen consumption, with PA as the dependent variable. Age and Air Quality Index remained significant variables within the model. Higher fitness levels had no effect on allowing individuals to perform more vigorous PA in warmer temperatures.
Introduction
A wealth of epidemiological evidence confirms that physical activity (PA) substantially reduces the impact of age-related morbidity and mortality in older adults (Pedersen and Saltin 2006) . Current national initiatives and recommendations encourage older adults to engage in moderate to vigorous PA for 30-60 min on most days of the week to maintain health, fitness, and ultimately functional independence (Health Canada 1999; Paterson et al. 2007 ). Unfortunately, more than half of older Canadians currently do not meet these PA recommendations (NACA 2006) .
Recent evidence suggests that weather conditions and seasonality may influence the PA participation of adults (Chan et al. 2006; Merrill et al. 2005; Pivarnik et al. 2003; Tucker and Gilliland 2007) , and older adults in particular (Togo et al. 2005; Tu et al. 2004; Yasunaga et al. 2008 ). Weather conditions and seasonality also impact health-related variables, such as fracture risk (Bischoff-Ferrari et al. 2007; Mirchandani et al. 2005) , food intake (Ma et al. 2006 ), blood cholesterol (Matthews et al. 2001) , and asthma (Mancuso et al. 2006) . No investigation to date has focused specifically on the influence of summertime temperatures on daily PA participation levels in older adults ( 70 years of age).
Annual summertime temperatures have increased gradually since 1948, with an overall warming trend of approximately 0.9 8C (Environment Canada 2007). Extreme summertime temperatures are responsible for increased mortality in older adults (Diaz et al. 2002; O'Neill et al. 2005; Smoyer et al. 2000) , especially in regions unaccustomed to extreme temperature fluctuations (Hechler et al. 2004 ). Generally, older adults have difficulty regulating body temperature (Anderson et al. 1996; Nakamura et al. 1997; Potkanowicz et al. 2003; Scremin and Kenney 2004; Worfolk 1997) , as a result of age-associated detuning of the autonomic regulatory system (Collins et al. 1980 ). Autonomic detuning is responsible for decreased peripheral vasodilation in response to thermal stress (Richardson and Shepherd 1991) , reduced sweating (Foster et al. 1976 ) and inducing a greater variance in control of core body temperature (Marion et al. 1989) . Men have a better sweating response than women, owing to increased body and muscle mass (Anderson et al. 1995) . However, the sweating response deteriorates with age for both sexes, a result of local skin changes rather than central thermoregulatory alterations (Dufour and Candas 2007) . Fitter individuals have more efficient thermoregulatory systems (Bittel et al. 1988; Ho et al. 1997 ) as a result of improved vascular tone (Westhoff et al. 2007 ) and improved autonomic cardiovascular functioning (Gulli et al. 2003) , and are likely more capable of coping with rising ambient temperatures. To our knowledge, no investigation has yet examined the influence of summer weather variables and fitness on PA participation in older adults.
The purpose of this study was to investigate the relationship between outdoor summer weather variables, including ambient temperature, humidex, and Air Quality Index on daily PA accumulation by healthy community-dwelling older adults. The secondary purpose was to examine whether fitness (estimated by maximal oxygen consumption (VO 2 max )) has an effect on preserving normal PA accumulation, despite the potential influence of higher ambient temperatures, greater humidity, and poor air quality. We hypothesized that daily PA would be negatively influenced by rising daytime temperatures, and that fitter individuals would continue to be physically active despite warmer summer temperatures.
Materials and methods
The current membership list (n = 370) from a local olderadult exercise centre was used to establish a convenience sample population. Participants were excluded if they were <70 years of age. A total of 203 participants remained and were randomly selected, using a random numbers table, to generate a contact list. Participants were initially contacted by an exercise centre staff member, who obtained the participant's verbal consent to attend a baseline assessment. At the baseline assessment, the study protocol was explained and written consent was obtained. It was estimated that 46 people were sufficient to have 80% power to detect a correlation coefficient of 0.4 or larger, as per the method described by Walter and colleagues (1998) . A total of 109 individuals were contacted, of which 58 declined to attend an assessment session. Reasons for refusals included illness or recovering from illness (n = 18), lack of interest (n = 12), too busy (n = 11), away on holiday (n = 11), or an ill spouse (n = 4). A total of 51 individuals (37 females, 14 males) consented to participate. This study was approved by the Research Ethics Board for Health Sciences Research Involving Human Subjects at the University of Western Ontario.
The initial assessment took approximately 20 min, and required participants to complete a personal health questionnaire, followed by instruction on how to use an accelerometer (ActiGraph GT1M, ActiGraph, Pensacola, Fla.) and how to accurately complete a daily PA logbook. The accelerometer recorded movement counts over a 1-min epoch. These movements were summed to give a value of counts per minute; converted to metabolic equivalent (MET) values using the conversion equation proposed by Freedson and colleagues (1998) ; and assigned an intensity value (Table 1) .
Each participant wore the ActiGraph GT1M accelerometer (3 cm Â 4 cm Â 1 cm; 27 g) on their waist for 1 week (7 consecutive days) between 30 May and 9 August 2006. Participants were assigned to their study week on the basis of their scheduling availability, typically 1 to 2 weeks in advance. Accelerometer start times were preprogrammed by the investigator. The accelerometer was worn only during waking hours, and participants were instructed to remove it when doing any water-based activities (e.g., bathing, swimming) and when sleeping, including daytime napping. Participants were instructed to wear the accelerometer on the mid-axillary position, over their dominant leg (Ward et al. 2005) . The accelerometer was attached to an elastic waistband and could be worn over or under clothing. Since the accelerometer was not worn every minute over the 7-day assessment period, analysis was completed on both raw data (all data regardless of accelerometer removal) and cleaned data (removal of data when accelerometer was not worn, for example when bathing, swimming, or sleeping). Raw data included 0 counts, which give an underestimation of true hourly average PA. Cleaned data consisted of hourly PA averages calculated using only the minutes when partic-ipants were wearing the accelerometer (as determined by participant logbooks). Eliminating 0 counts when the accelerometer was not worn improves the estimation of the true hourly mean PA. Accelerometer countsÁmin -1 were averaged for each hour during the sampling period (average hourly countsÁmin -1 ) for comparison to the summer weather variables, which were reported hourly (Environment Canada 2006) .
Anthropometric and fitness measurements were recorded from fitness appraisal data collected by the same certified fitness assessor employed by the older adult exercise centre. Height and mass measurements were recorded, and estimated VO 2 max was determined using a submaximal aerobic step test for older adults (Petrella et al. 2001) . Estimated VO 2 max data were available for 40 individuals (29 females, 11 males) within the sample group. Correlation coefficients were 0.93 (females) and 0.91 (males), where the predictive model explained 72%-86% of variance in VO 2 max with standard error of the mean (SEE) of 9%-15% for the step test. For analyses, estimated VO 2 max scores were categorized into 3 groups of equal size (tertiles). These tertiles separated participants into groups based on aerobic fitness level (poor, moderate, and high).
Logbooks were used by participants to report significant PA events (e.g., attending exercise class, going for a walk, heavy gardening) and to record the times they put on and took off the accelerometer. Participants returned the accelerometer along with the PA logbook at the follow-up assessment, within 48 h of the last accelerometer day. PA data were verified manually against the PA logbooks. Start and stop times were determined in reference to what was reported in the participant logbook. If participants failed to indicate a start and (or) stop time, visual inspection of minuteby-minute accelerometer counts was conducted to determine start and stop times for the sampling day. This was deemed to be valid as the first spike of activity during the day was clearly evident in the accelerometer output.
Meteorological data were collected daily. The data were retrieved online from Environment Canada records measured at the London International Airport (latitude 4382'N) (Environment Canada 2006) . Variables recorded hourly included ambient temperature, percent humidity, humidex, and Air Quality Index.
Statistical analysis was performed using SPSS 14.0 (SPSS Inc., Chicago, Ill.) and SAS 9.1 (SAS Institute Inc., Cary, N.C.). The first step was visual inspection of the raw data, followed by data cleaning. Specifically, erroneous 0 counts, when participants were, in fact, not wearing the accelerometer, were deleted. Because of a non-normal distribution, the PA variable (accelerometer counts) was log-transformed. The log-transformed values were normally distributed and, as a result, this form of the variable was used in the regression models. Linear mixed effects models that accounted for repeated measures nested within individuals were performed for monthly periods, meteorological variables, sex, age, and estimated VO 2 max , with PA as the dependent variable.
Results
Fifty-one older adults provided informed consent and began the study. Two subjects, both male, dropped out midweek. One subject withdrew from the study because his spouse felt that he could not complete the PA logbook appropriately, while the other subject had to leave the country unexpectedly. There was 1 accelerometer malfunction in which no data were collected (registered only 0 counts for entire week). The remaining 48 subjects (36 female) wore the accelerometer for 7 consecutive days without malfunction. Table 2 describes the physical and health characteristics of the sample group. The mean estimated VO 2 max scores suggest that the majority of subjects had satisfactory cardiorespiratory fitness for their age. According to the body mass index (BMI) values, 2% of the sample were considered underweight, 33.3% were normal weight, 47.9% were overweight, 14.6% were class I obese, and 2% were class II obese (WHO 2000) . Recent evidence suggests that in adults, high BMI scores (above those considered healthy) have a lower relative risk of all cause mortality, compared with younger adult cohorts (Heiat et al. 2001) . Seventy percent of participants rated their own health as very good or better. Thirty percent felt they were more active than others the same age. No participant described their memory as being worse than that of others the same age. Most were married or widowed (85%), had a postsecondary education (74%), and were financially stable.
Accelerometers were worn an average of 4410.5 ± 362.7 min of a possible 5040 min (87.5%). Two subjects forgot to wear the accelerometer, accounting for 2 missed days. Missing data were not imput for those days. Subjects spent an average of 4380.0 ± 346.5 min performing light PA, 13.5 ± 20.6 min performing moderate PA, 16.5 ± 44.5 min performing moderately vigorous PA, and only 0.5 ± 1.9 min performing vigorous PA (Freedson et al. 1998; Lee and Paffenbarger 2000) . These values indicate that this group of older adults recorded an average of 30.5 min per week at an intensity equivalent to or higher than 4 METs (moderate to vigorous intensity).
A range of PA types were recorded in participant logbooks. However, participants did not reliably record daily PA in sufficient detail to give an accurate representation of PA duration or location (outdoors or indoors). Therefore, logbooks acted as a guide to establish when participants began wearing the accelerometer in the morning, and when they removed it for sleeping or water-based activities.
PA was averaged for each individual for each hour they wore the accelerometer (average hourly countsÁmin -1 ). Examination of the scatter plot of PA values showed a nonnormal distribution. Given that a normal distribution is required for regression analysis, the accelerometer counts Freedson and colleagues (1998) .
{
Intensity conversions established by Lee and Paffenbarger (2000) .
were log-transformed, substantially improving the normality of the PA counts. To prevent 0 values from being treated as missing, 1 was added to each value. Figure 1 represents a histogram and boxplot for the log-transformed accelerometer counts. Both raw and log-transformed accelerometer counts accumulated across various temperature ranges are presented in Table 3 . Table 4 presents raw and cleaned PA accelerometer data. Raw data include hourly averages of PA counts, including time when accelerometer was not worn. Most PA (62%) was completed below temperatures of 25 8C for both raw and cleaned values. PA peaked at approximately 20 8C, and declined as temperatures continued to climb. Despite temperatures increasing above 20 8C, subjects did not completely eliminate PA; however, PA was substantially reduced when ambient temperatures rose above 30 8C.
Age and estimated VO 2 max were associated with PA (r = -0.35 and r = 0.40, respectively; p < 0.01). All weather variables, age, sex, and estimated VO 2 max were included in the final multiple linear regression model. Following analy- sis, only age and Air Quality Index remained significant in the linear mixed effects model. To examine the interaction of temperature with estimated VO 2 max , the terms extreme Â VO 2 max (signifying extreme temperatures of >30 8C), Temp Â VO 2 max , and Temp 2 Â VO 2 max were used (Table 5 ). The distribution of age and sex across estimated VO 2 max tertiles is illustrated in Table 6 . Although differences between fitness tertiles and average PA with corresponding temperature were apparent (Fig. 2) , estimated VO 2 max was not a significant variable in the multiple linear regression model, when combined with extreme temperatures (p = 0.12), suggesting that, in this sample population, fitness provided no advantage toward PA accumulation as temperatures rose.
Discussion
The results reported in Table 3 indicate that PA levels appear to be fairly constant until temperatures reach 30 8C, at which time they decrease rapidly. At lower temperatures, the mean of the log is lower, but the median counts are actually greater than at other temperatures; however, this is based on only 13 observations. These results were similar to the curvilinear relationship reported by Togo and colleagues (2005) , in which PA (i.e., pedometer stepsÁday -1 ) declined as daytime temperatures increased. Yasunaga and colleagues (2008) commented that older adults primarily accumulate low intensity PA (<3 METs) during the summer months, and there was very little accumulation of moderate to high intensity PA (>3 METs) during these summer months. Alternately, Chan et al. (2006) reported that rising temperatures positively influenced PA. These authors suggested that any rise in temperature of 10 8C or more during the month was associated with increased PA (i.e., accumulated stepsÁday -1 ). It is important to note that hot and humid weather conditions were not evident in the study by Chan et al. (2006) . Estimated VO 2 max was a variable not considered in previous weather and PA studies. The results of this study suggest that participants who had better fitness (higher estimated VO 2 max values within the second and third tertile) were no more likely to be active or nonactive, despite higher temperatures (above 30 8C), than less fit individuals. This was likely due to the indoor environment that all participants exercised in, lessening the potential influence of outdoor temperature on their ability to perform moderate to vigorous PA. A previous report, using pedometer assessment of ambulatory activity, suggested that the majority of daily accumulated PA in a similar older adult exerciser group was achieved through indoor exercise participation (TudorLocke et al. 2002) . Alternatively, participants may have exercised at cooler times of the day (morning or night), outside of the analysis time frame of 0700 hours to 1900 hours, and thus PA may not have been effectively recorded. Age-and sex-associated changes in thermal tolerance likely had little effect on PA accumulation, as described by Kenney and Munce (2007) . Finally, there were not enough participants sampled during extreme temperatures to truly determine if fitness would facilitate PA participation during hotter temperatures.
Certain limitations of this study must be considered. The study sample was randomly selected from a membership list of exercising older adults, and all study participants were actively exercising 2 or 3 times per week. As such, this sample likely performed regular bouts of moderate to vigorous PA (i.e., exercise classes), more than would normally be observed in a general population of older adults, despite weather conditions. Any observed differences in PA due to weather seen in this sample may be magnified in the general population as a result of greater variance in overall physical fitness and accessibility to exercise facilities, other than outdoor walking. Alternatively, any observed differences in PA may be diminished in a generalized population, given that many older adults accumulate low levels of PA, either in- Because of the availability of accelerometers, a maximum of 10 participants were able to wear the accelerometer at any given time; therefore, not all participants wore the accelerometer during the same week. As a result, each participant was not subject to the same range of weather conditions during the sampling period, and direct comparison between individual participants was not possible. Nevertheless, each subject wore the accelerometer for 7 days, allowing for collection of PA data across various days of the week (e.g., weekdays and weekend days), thus generating a better representation of an individual's overall activity level. The 7-day assessment period provided an opportunity for each participant to experience a greater range of weather conditions. Finally, while the scheduling of participants to assessment period was not random, it was done in advance, and the results are not biased by volunteer effects based on weather variables. Physical activity may have been underestimated when subjects engaged in water-based activities, as this could not be measured with the accelerometer. Swimming was the most common water-based PA, with a total of 7 subjects indicating they swam between 1 to 8 times during the assessment period for an average of 54.6 min.
Using the Freedson et al. (1998) conversion equation to change countsÁmin -1 into MET values likely provides an underestimation of overall energy expenditure for this population, as the conversion equation was originally developed with a sample of younger adults. Underestimation was observed using data from this sample group of exercising older adults who achieved average hourly PA values that did not exceed the corresponding MET value for light activity (Table 1) , despite the fact that the study population was comprised of participants who exercised 2 or 3 times per week. Paterson and colleagues (2007) reported that PA at an intensity of 3-4 METs is considered to be of moderate to vigorous intensity for older adults. Thus, the observed MET values in the current investigation suggest that these older adults were meeting recommended levels for energy expenditure.
There were 3 potential limitations for assessing vigorous PA in this investigation. First, the older subjects may have selectively performed more vigorous (>4.5 METs) PA during cooler times of the day (before 0700 hours or after 1900 hours) to avoid the heat, and thus would have been outside the period monitored for this investigation. Second, PA that required primarily upper-body movement -for example, weight-training performed during each exercise class -was likely underestimated by the waist-borne accelerometer (Montoye et al. 1996; Welk 2005) . Finally, the accumulation of vigorous activity was likely lost in the calculation of average hourly countsÁmin -1 . Visual inspection of the data confirms that the majority of exercise bouts lasted less than 30 min. Therefore, 30 min of vigorous activity would be averaged against 30 min of light activity, effectively masking the contribution of vigorous activity to the average hourly countsÁmin -1 .
Regional and climate-specific research is required to account for factors of acclimatization (Curriero et al. 2002; Hechler et al. 2004; O'Neill et al. 2005) . Future investigations should consider evaluating the influence of wintertime weather on PA participation by older adults. The use of multiple accelerometers (i.e., upper body and lower body) may provide a better estimation of total PA, as waist-borne accelerometers do not accurately record upper-body movements (e.g., weight-lifting exercises). Measurement time periods of less than 1 h may provide future studies with a better estimation of vigorous activity, as older adults tend to participate in PA at this level for shorter bouts of time. Finally, an assessment of the role of the aging thermoregulatory system and its role in PA tolerance is warranted, considering the biological link between the body's ability to maintain thermal homeostasis and the unavoidable consequence of heat production during vigorous PA.
It is crucial that older adults remain active and exercise regularly to remain functionally independent. Alternatives to outdoor activities are important for members of this population to consider if they plan to continue regular exercise during warmer weather. The influence of weather and temperature should be considered with regard to daily PA reported during summer months. Fitter older adults do not seem to tolerate hotter daytime temperatures any better than their less fit counterparts. Moderate to vigorous activity is advised to engender fitness and maintain existing functional capacity in older adults (Paterson et al. 2007) , and doing PA indoors -in a climate-controlled environment -is a plausible solution. Temperature and Air Quality Index are influential factors affecting PA in older adults (70+ years of age). As might be hypothesized, age is also a factor, as older subjects participated in less vigorous PA than their younger counterparts. However, in this investigation, cardiorespiratory fitness had little impact on PA levels recorded, despite changes in ambient temperatures.
